INTRODUCTION {#sec1-1}
============

In last two decades, there has been an increase in the number of urological endoscopic procedures because of increase in diagnostic facilities. There is also an increase in the number of operations being performed using minimally invasive techniques. A variety of endoscopes and accessories are now available with the advent of minimally invasive urology. However, these instruments are expensive. Some of them are designed for multiple uses after reprocessing while many of them are designed for single-use only. It is not possible to use one instrument for a patient and then dispose it off permanently due to the cost factor. This disturbs a whole economics of a surgical case.

The reuse of single-use medical devices began in the late 1970s.\[[@ref1]\] Reuse of single-use devices (SUDs) increased as a cost-saving measure. Approximately, 20%--30% of the US hospitals reported that they reuse at least one type of SUD.\[[@ref2]\] Reuse of SUDs involves regulatory, ethical, medical, legal and economic issues and has been extremely controversial for more than two decades. A reused SUD will have to comply with the same regulatory requirements of the device when it was originally manufactured.\[[@ref3]\]

Currently, in health-care facilities, hospitals or urologists are using in-house facilities to reprocess reusable medical devices. In clinical practice, many of urologists are also reprocessing disposable medical devices that have been approved by manufacturers for single-use. They are reusing these devices several times on additional patients and in most of the times, without notifying patients that the device may have already been used.

On the other side, this practice can compromise patient safety. Patient to patient transmission of infection from cross contamination has been well documented after improper disinfection of urological equipment.\[[@ref4]\] The transmission of infectious organisms is widespread within a hospital or clinical setting. Hospital-acquired infection with resistant bacteria and viruses are increasing due to irresponsible use of antibiotics.\[[@ref5][@ref6]\]

There has been extensive debate regarding the practice of reprocessing medical devices that have been designed, manufactured, and recommended for single-use only by manufacturers. There are studies showing pros and cons of using reprocessed SUDs.\[[@ref7]\] This practice raises two patient safety concerns. One, whether the SUDs can be adequately cleaned and sterilized for use in other patients, and two, whether attempts to clean and sterilize these devices may affect their performance or may lead to product failure. With the reuse of reprocessed devices, important things to consider are providing equal protection to patients from infections, calculated risks to patients, need of informed consent, regulatory fairness, and proper monitoring of reprocessing units.

With increasing workloads in urologic endoscopy even developed countries which have high per capita income and good health insurance penetration are reusing the devices after reprocessing. There is a need for developing "guidelines for reprocessing" for developing countries with poor health insurance penetration where economics of a surgical case becomes very important. There is also need for the development of guidelines for the choice of appropriate methods of reprocessing with relate to the risks of infection associated with the particular procedure, the availability and affordability of the proper equipment and the time available for reprocessing.

Ahuja and Tandon did a survey regarding disinfection practice and reuse of single-use accessories by sending written questionnaire. They found that only 38.7% of those responded were carrying out reprocessing according to specified protocols. They also found that more than 90% of respondents were ready to reuse SUDs after reprocessing.\[[@ref8]\]

Therefore, it is critical to formulate guidelines to achieve maximum cleaning, disinfection, and sterilization of equipment used in urological practice. It is also important that proper methods are used to process instruments and devices. Furthermore, staff responsible for it should be well-trained, skilled, and thorough. This ensures that each device used on every patient has been reliably sterilized. These processes should be monitored on a continual basis.

In this article, we will discuss a brief review of sterilization and disinfection processes used for single and multi-use medical devices and instruments employed in urological practice. Problematic areas faced by urologists in day-to-day clinical practice will also be discussed. Industry and hospital standards will be discussed with the emphasis on the outcome for the patient in developing countries.

SPAULDING CLASSIFICATION SCHEME {#sec1-2}
===============================

It is Food and Drug Administration (FDA) approved classification scheme to describe the items being used in the health-care facilities on the basis of the potential risk of infection caused by the use of the device. Critical items are the objects that enter sterile tissue or the vascular system. This category includes ureteric catheters, double lumen ureteric stents, and requires sterilization only. Semi-critical items are the objects that come in contact with mucous membranes or nonintact skin. This category includes cystoscopes, ureteroscopes, nephroscopes, and guide wires and they require either sterilization or high-level disinfection.\[[@ref9]\]

PROCESS OVERVIEW {#sec1-3}
================

SUD is a device that is intended for one use or on a single patient during a single procedure. The reusable medical device is a device intended for repeated use either on the same or different patients, with appropriate cleaning and other reprocessing between uses.\[[@ref10]\]

Reprocessing is defined as validated processes used to render a medical device, which has been previously used or contaminated, fit for a subsequent single-use.\[[@ref10]\] These processes are designed to remove soil and contaminants by cleaning and to inactivate microorganisms by disinfection or sterilization. During reprocessing, it is always preferable to consider the worst-case scenario with contamination of devices by most resistant microbes during their clinical use. Another important thing to consider is the ability of the device material to withstand repeated disinfection/sterilization. Cleaning, disinfection and sterilization are the important steps of reprocessing.

Cleaning: The initial and most important step of reprocessing {#sec2-1}
-------------------------------------------------------------

Cleaning is the removal of visible soil (e.g., organic and inorganic material) from objects and surfaces and normally is accomplished manually or mechanically using water with detergents or enzymatic products.\[[@ref11]\] Thorough cleaning is essential before high-level disinfection and sterilization because inorganic and organic materials that remain on the surfaces of instruments interfere with the effectiveness of these processes. It has been shown that cleaning reduces the level of microbial contamination by 4--6 log~10~.\[[@ref12]\]
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Organic matter in the form of serum, blood, pus, or lubricant material can interfere with the antimicrobial activity of disinfectants. This interference occurs first by a chemical reaction between the germicide and the organic matter resulting in a complex that is less germicidal or nongermicidal, leaving less of the active germicide available for disinfection/sterilization. Second, organic material can protect microorganisms from attack by acting as a physical barrier.\[[@ref14][@ref15]\] This emphasizes the importance of meticulous cleaning of medical devices before any sterilization or disinfection procedure because both organic and inorganic soils are easily removed by washing.

Mechanical cleaning process also removes the biofilms over the surface of devices. Biofilms are microbial communities that are tightly attached to surfaces and cannot be easily removed. Bacteria within the biofilm are up to 1000 times more resistant to antimicrobials than are the same bacteria in suspension.\[[@ref16]\]

Therefore, reprocessing starts with prompt initial cleaning measures to prevent drying of soil and contaminants in and on the device. Immediate, thorough cleaning is the most important step in reprocessing. Any delay in reprocessing may increase the challenge to disinfection or sterilization.

Disassembly and reassembly {#sec2-2}
--------------------------

For devices which have removable parts, reprocessing must include prior disassembly and reassembly of the device to facilitate cleaning.\[[@ref13]\] Reassembly should be done before or after the sterilization process as advised by manufacturer.

Methods of cleaning {#sec2-3}
-------------------

Cleaning can be done manually or mechanically. Manual cleaning is done where either mechanical units are not available or for fragile instruments. The two essential components of manual cleaning are friction and fluidics. Friction is rubbing/scrubbing the soiled area with a brush while fluidics is used to remove soil and debris from internal channels after brushing and when the design does not allow passage of a brush through a channel. It requires minimum 60 s of rapid water flow through all the internal channels.\[[@ref17]\] Automated/mechanical cleaning can be done with the help of dishwasher, utensil washer-sanitizer, ultrasonic cleaner, etc., Mechanical cleaning equipment may increase productivity, and effectiveness, and decrease worker exposure.\[[@ref18][@ref19]\]

The effectiveness of cleaning process can be increased with additional use of cleaning agents and enzymes. Cleaning agents (e.g., detergents such as quaternary ammonium compounds and enzymatic detergents) that have been demonstrated to be compatible with the device, and are effective in cleaning the device can be used.\[[@ref20]\] A near-neutral pH detergent solution provides the best material compatibility profile and good soil removal. Enzymes (e.g., amylase, lipase, and proteases) can be added to cleaning agents to assist in removing organic material as they attack proteins of blood and pus.\[[@ref21]\]

There is currently no standard to define when a device is "clean" and cleanliness is decided by visual inspection only. At a minimum, a cleaning process should reduce the natural bioburden and remove organic/inorganic contaminants. Thus devices, when sterilized, will have a good sterility assurance level (SAL 10^−6^).\[[@ref22]\]

Rinsing, drying, and storage {#sec2-4}
----------------------------

Rinsing is to be done to remove chemical residues used during cleaning/reprocessing so that they no longer interfere with subsequent reprocessing steps.\[[@ref13]\] Published guidelines allow tap water for rinsing rather than using only sterile water or filtered water.\[[@ref23][@ref24]\] Saline is not recommended for final rinsing as it leads to corrosion of certain devices.\[[@ref13]\]

As the devices will be wet at the end of reprocessing, active device drying is advisable. Moisture remaining on devices after sterilization/disinfection procedures can compromise the integrity of packages and effectiveness of seals. Drying reduces or eliminates recontamination of unwrapped devices which have been reprocessed with high-level disinfection or sterilization.\[[@ref25]\]

A contaminated endoscope should never be placed in the carrying case because the carrying case can also become contaminated. The carrying case used to transport clean and reprocessed endoscopes outside the health-care environment should be separate from a carrying case used to store and transport the instrument within the health-care facility \[[Figure 1](#F1){ref-type="fig"}\].\[[@ref26]\]
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High-level disinfection {#sec2-5}
-----------------------

Disinfection describes a process that eliminates many or all pathogenic microorganisms, except bacterial spores, on inanimate objects.\[[@ref11]\] In health-care settings, objects usually are disinfected by liquid chemicals. Unlike sterilization, disinfection is not sporicidal. A few disinfectants will kill spores with prolonged exposure times (3--12 h); these are called chemical sterilants. High-level disinfection is a lethal process utilizing a sterilant under less than sterilizing conditions. The process kills all forms of microbial life except for large numbers of bacterial spores.\[[@ref11]\] Descending order of resistance of microorganism to germicide chemical from most resistant to least resistant is bacterial spores, mycobacteria, nonlipid viruses, fungi, vegetative bacteria, and lipid viruses.

Commonly used high-level disinfectant in urology practice is glutaraldehyde and ortho-phthalaldehyde (OPA). Rational use of disinfectants is recommended in an attempt to prevent the development of resistant microbes.\[[@ref27]\] Ethyl alcohol is not recommended for sterilizing medical and surgical materials principally because it lacks sporicidal action. It also cannot penetrate protein-rich materials.\[[@ref28]\]

Formaldehyde, when used as a water-based solution called formalin, (37% formaldehyde by weight), is a bactericide, tuberculocide, fungicide, virucide, and sporicide.\[[@ref29][@ref30]\] Paraformaldehyde is a solid polymer of formaldehyde. It can be vaporized by heat and is laminar flow can be used for the gaseous decontamination of biologic safety cabinets. In spite of this, its use is limited by its irritating fumes and its pungent odor even at very low levels (\<1 ppm). It also causes skin irritation such as dermatitis and itching, respiratory problems such as asthma. It may have a role as a suspected human carcinogen linked to nasal cancer and lung cancer.\[[@ref31]\]

Glutaraldehyde has gained wide acceptance as a high-level disinfectant for urological equipment because of its advantages such as excellent biocidal properties; activity in the presence of organic matter; and noncorrosive action to endoscopic equipment. It causes no residual damage to instruments with a lens, rubber, or plastics.\[[@ref32]\]

When the solution is "activated" by use of alkalinating agents to pH 7.5--8.5, it effectively kills vegetative bacteria in \<2 min and *Mycobacterium tuberculosis*, fungi, and viruses including HIV, hepatitis B and hepatitis C in \<10 min. Spores of *Bacillus* species are rapidly killed by glutaraldehyde, however, spores of *Bacillus* and *Clostridium* species takes 3 h.\[[@ref33]\] 20 min at room temperature is considered the minimum exposure time needed to reliably kill mycobacteria and other vegetative bacteria with \>2% glutaraldehyde.\[[@ref34]\] Once activated, these solutions have a shelf-life of minimally 14 days. Novel glutaraldehyde formulations have overcome the problem of rapid loss of activity, and they can be used up to 28--30 days while maintaining excellent microbicidal activity.\[[@ref35][@ref36]\]

Acute or chronic exposure of glutaraldehyde can result in skin irritation or dermatitis. Epistaxis, allergic contact dermatitis, asthma, and rhinitis also have been reported in health-care workers exposed to glutaraldehyde.\[[@ref37][@ref38][@ref39]\]

OPA is a high-level disinfectant that has received FDA clearance in October 1999. It has an excellent microbicidal activity and a superior mycobactericidal activity with a required exposure time of 12 min only. It has excellent stability over a wide pH range (pH 3--9), is not a known irritant to the eyes and nasal passages, does not require exposure monitoring, has a barely perceptible odor, and requires no activation.\[[@ref40]\] However, OPA is not recommended for reprocessing urologic instrumentation as cases of anaphylaxis-like reaction after cystoscopy has been reported where the scope was reprocessed using OPA.\[[@ref41]\]

Sterilization {#sec2-6}
-------------

Sterilization describes a process that destroys or eliminates all forms of microbial life and is carried out in health-care facilities by physical or chemical methods.\[[@ref11]\] Medical devices that have contact with sterile body tissues or fluids should be sterile because any microbial contamination could result in disease transmission. Steam under pressure, ethylene oxide (ETO) gas, hydrogen peroxide gas plasma, ozone gas, and liquid chemicals are the principal sterilizing agents used by urologists in health-care facilities.

SAL of the product is defined as the probability of a single viable microorganism occurring on a product after sterilization. SAL is normally expressed as 10^−n^. In short, a SAL is an estimate of lethality of the entire sterilization process. For reusable devices that are intended to be used sterile, they should attain a SAL of 10^−6^.\[[@ref42]\]

Factors affecting the efficacy of sterilization of device are bioburden--number and location of microorganism, prior cleaning, pathogen type, presence of protein and salt, biofilm accumulation, lumen length and diameter.\[[@ref43][@ref44]\]

If equipment are heat resistant, the recommended sterilization process is steam sterilization, because it has the largest margin of safety due to its reliability, consistency, and lethality. However, reprocessing heat sensitive items requires the use of low-temperature sterilization technologies (LTSTs).\[[@ref45]\]

Moist heat steam sterilization in the form of saturated steam under pressure is the most widely used and acceptable sterilization method. It is nontoxic, inexpensive, rapidly microbicidal, sporicidal, and rapidly penetrative.\[[@ref46][@ref47]\] It can be used on all critical and semicritical items that are heat and moisture resistant. Minimum exposure periods for sterilization are 30 min at 121°C in a gravity displacement sterilizer or 4 min at 132°C in a prevacuum sterilizer.

"Flash" steam sterilization is a sterilization of an object a 132°C for 3 min at 27--28 lbs of pressure. It can be used for processing cleaned patient care items and can also be used when there is insufficient time to sterilize an item by the preferred method. Because of the potential for serious infections, flash sterilization is not recommended for implantable devices (i.e., devices to be placed in the human body).\[[@ref48]\]

Low-temperature sterilization technologies {#sec2-7}
------------------------------------------

This includes ETO gas sterilization (ETO-CFC, ETO-CO~2~, ETO-HCFC, and 100% ETO) and newer LTSTs such as hydrogen peroxide gas plasma, vaporized hydrogen peroxide sterilization, and ozone sterilization. All LTSTs have limitations. First of all, they demonstrate a significant number of failures in the presence of serum or salt as these agents provide protection for spores and bacteria. In addition, it has been also shown that the problem increases exponentially with a decrease in lumen diameter and increase in lumen length. When microorganisms are mixed with body fluid, they form physical crystals that protect the microorganisms. However, with exposure for 1 min to water, the salts dissolve, and the protective effect disappears. This shows the importance of meticulous cleaning before sterilization.\[[@ref49][@ref50][@ref51]\]

ETO "Gas" Sterilization has excellent microbicidal activity, and it inactivates all microorganisms and most of the bacterial spores. It is commonly used in healthcare facilities to sterilize critical items as well as semi-critical items and items that are moisture or heat sensitive.\[[@ref52]\]

The main advantage is that it can sterilize heat- or moisture-sensitive medical equipment without deleterious effects on the material used in the medical devices. Other advantages are that (1) it is very effective at killing microorganisms, (2) penetrates medical packaging and many plastics, (3) compatible with most medical materials, and (4) cycle is easy to control and monitor. Main disadvantages are the lengthy cycle time and aeration time, the cost per cycle, the possibility of damage to expensive equipment and its potential hazards to patients and staff.\[[@ref49][@ref50]\] Extended periods of aeration is required because of the ability of ETO to penetrate.

Acute exposure to ETO may result in irritation (e.g., to skin, eyes, gastrointestinal, or respiratory tracts) and central nervous system depression. Chronic inhalation has been linked to the formation of cataracts, cognitive impairment, neurologic dysfunction, and disabling polyneuropathies.\[[@ref53][@ref54][@ref55]\]

Ozone sterilization {#sec2-8}
-------------------

Ozone was cleared by FDA in August 2003 for processing reusable medical devices. It converts back to oxygen and water vapor at the end of the cycle before being exhausted into the room. The duration of the sterilization cycle is about 4 h and 15 m, and it occurs at 30°C--35°C. It has shown a good microbicidal activity against a variety of microorganisms. Disadvantages are small sized (4ft3) sterilization chamber, limited microbicidal efficacy data due to its limited use.\[[@ref56]\]

PROBLEMATIC AREAS {#sec1-4}
=================

High standards set by Food and Drug Administration {#sec2-9}
--------------------------------------------------

FDA has set very high criteria for standardization of disinfection and sterilization. FDA requires the presence of 5% fetal calf serum dried onto the devices inoculated with 10^6^ colony forming units of most resistant test organisms to test the efficacy of disinfection and sterilization. Cleaning before sterilization is not allowed in the demonstration of sterilization efficacy.\[[@ref57]\] In the presence of these criteria, almost all of the sterilization processes will fail to reliably inactivate the microbial load.\[[@ref58]\]

While in actual clinical setting, such strict criteria are never seen. In general, used medical devices are contaminated with a relatively low bioburden of organisms. Nystrom evaluated medical instruments that are used in general surgical/urosurgical operations.\[[@ref59]\] He found that 62% of the instruments were contaminated with \<10^1^ organisms after use, 82% with \<10^2^, and 91% with \<10^3^. After being washed in an instrument washer, more than 98% of the instruments had \<10^1^ organisms, and none \>10^2^ organisms. In another study of rigid-lumen medical devices, the bioburden on both the inner and outer surface of the lumen ranged from 10^1^ to 10^4^ organisms per device. After cleaning, 83% of the devices had a bioburden of ≤10^2^ organisms.\[[@ref59][@ref60]\]

Role of manufacturers {#sec2-10}
---------------------

Manufacturers of urology devices never recommend reuse of SUDs. FDA policy states that they can be reused after standard reprocessing techniques if the product following reprocessing techniques complies with the manufacturers\' sterilization criteria. As we have already discussed, FDA has set very high criteria for standardization of reprocessing techniques. Such microbial load practically never exists in actual clinical settings to justify reuse policy. However, considering the stringent criteria set by FDA for manufacturers, it is practically difficult for manufacturers to recommend reprocessing and reuse. Therefore, no proper instructions are given on the labeling for proper disassembly, reassembly, cleaning, and reprocessing. Using a new device, for each new case, as per manufacturers\' recommendation, increases final cost of surgery and it creates a huge economic load in health-care industry.

Medicolegal issues and fear psychosis of urologists {#sec2-11}
---------------------------------------------------

As no standard guidelines available regarding reprocessing of SUDs, there is high chance of developing fear psychosis among urologists due to associated medicolegal issues.

Sterilization/disinfection of devices with long and narrow lumen {#sec2-12}
----------------------------------------------------------------

Immediate cleaning of any narrow-lumen medical device used in patient care presents a major challenge to reprocessing.\[[@ref61][@ref62]\] It has been shown that retro-flushing with the narrow lumen provided adequate cleaning. If reprocessing was delayed for more than 24 h, retro-flush cleaning was no longer effective. Physical properties of the object such as presence of crevices, hinges, and lumens in the devices also affect the disinfection and sterilization processes.

Use of formalin chambers {#sec2-13}
------------------------

Formaldehyde vapor cabinets have been in use since the end of 19^th^ century. It was used regularly in the hospitals until the end of 1988. These cabinets operate according to Janet\'s principle of sterilization by formaldehyde gas at ambient temperature and at appropriate pressures over a period of 24 h.\[[@ref63]\] However, the release of gas from paraformaldehyde tablets (placed on the lower tray) is slow and produces a low partial pressure of gas. Temperature and humidity within the cabinet could not be controlled, and there is no facility for effective circulation and extraction of formaldehyde gas. The cabinet contains perforated drawers, which may prevent diffusion of gas especially when they contain instruments. Hence, the microbicidal quality of this procedure is not known.\[[@ref64]\]

No proper manufacturers\' guidelines available for the use of these cabinets and for the effective production of gas inside it. The formaldehyde steam sterilization system has not been cleared by FDA for use and its use as a high-level disinfectant is not recommended at all.

High workload and rapid surgeries {#sec2-14}
---------------------------------

In the centers with high number of urological cases per day with limited sets of instrument, it is not possible to sterilize each and every item in between two cases because of time factor. In such cases, high-level disinfection is recommended. If glutaraldehyde is used for disinfection, there should be minimum 30 min gap between two cases for effective high-level disinfection.

CONCLUSIONS {#sec1-5}
===========

If FDA guidelines are strictly followed, disinfection and sterilization can ensure the safe reuse of reusable devices and many of the single-use urological devices \[[Table 1](#T1){ref-type="table"}\].
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